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Description 

[0001 J The invention relates to a continuous process for producing an electrodeposlted copper foil. 

[0002] Recently, in the field of electronic industry including computers, rnultistratification of circuits has intensively 
5 been attempted to attain high density and reliability. Paticularly, multilayer printed circuit boards are prevailing. 

[0003] Heretofore, electrodeposlted copper foils have generally been used in copper-clad laminates. Such foils are 

obtained by an electrolytic method which comprises rotating a cathode drum in a glue- or the like added electrolyte 

passing through an electrolytic cell to electrodeposit copper on the rotating cathode drum, and then continuously peeling 

the thus electrodeposited copper foil therefrom while rotating the drum. 
10 [0004] The electrodeposited copper foils produced by the prior art method are not greatly Improved in mechanical 

properties by annealing at a temperature of as low as about 170^0, and the foils are less endurable to folding than 

wrought copper foils. 

[0005] The prior art electrodeposited copper foils have an elongation of only about 3.0% or less at elevated temper- 
ature (for example, in an atmosphere at 180° C), and they are classified into Classes 1 to 4 depending on their per- 
15 formances in accordance with IPC-CF-1 50E whicn is ANSI Standard on copper foils. Particularly, Class 4 is required 
to have an elongation of at least 4% at 180°C by annealing. It has been considered difficult for the copper foils to have 
an elongation of at least 4% at 1 80 °C without annealing. 

[0006] In addition, prior art electrodeposited copper foils are probable to crack in the step of preparing printed Circuit 
boards, particularly multilayer printed circuit boards, due to the application of heat stress to the foils in this step, and 
20 they are not so reliable as to be used in the preparation of flexible print circuit boards for which the folding endurance 
is important 

[0007] It is the object of the present invention to provide a process for continuously producing an electrodeposited 
copper foil which exhibits a high elongation and a high tensile strength not only at room temperature but also at an 
elevated temperature of for example 180°C. 
25 [0008] The present inventors had made tests several ten times in attempts to produce electrodeposited copper foils 
which are not cracked under the application of heat stress thereto or can have a high elongation at elevated temperature 
(180°C, for example) in accordance with the requirements prescribed by MIL-P-5510C. 

[0000] During the practice of said tests, they found, when trey treated an electrolyte for the purpose of purifying the 
electrolyte, that if a copper ion-containing electrolyte at least 60 vol.% of which had continuously been treated with 
30 activated carbon was immediately supplied to electrolysis then electrodeposited copper foils having very peculiar me- 
chanical properties were obtained. This invention is based on this finding or discovery. 

[0010] More specifically, the present invention resides in a continuous process for producing lan electrodeposited 
copper foil which comprises electrolysing a copper ion-containing electrolyte which consists of 50-100 g/I of copper 
ion and a member selected from the group consisting of 80-180 gl of sulfuric acid, 5-50 gl of hydrochloric acid, and a 
35 borofluoride in an amount corresponding to a pH value of 0.1-Z0 the electrotyzing being carried out at an electrolyte 
temperature of 40-60° C and a current density of 30-1 20 A/dm 2 whereby at least 60 vol.% of said electrolyte has been 
continuously treated with activated carbon by passing through an activated carbon column at a velocity of 5-100 cm. 
s. said electrolyte being continuously subjected to said electrolyzing step within 20 minutes after said treatment with 
activated carbon. ... . 

[0011] The operating conditions to produce an electrodeposited copper foil are in particular as follows: 

1. Copper concentration in a bath 50-100 g/I, preferably 70-90 g/I 

In a case where the copper concentration is less than 50 gl, it is impossible to electrolyse at a high current 
density. On the other hand, the copper salt used is apt to be crystallized from the bath at a copper concentration 
45 more than 100 g/i. 

2. Acid concentration in the bath 

(1 ) When sulfuric acid is used, 
80-180 g/l t preferably 100-150 g/I 

(2) When hydrochloric acid is used, 
5-50 g/l ( preferably 10-30 gfl 

(3) When a pyrophosphate is used, 
200-500 g/I, preferably 240-270 g/I (for potassium salt), 

(4) When a borofluoride is used, 

the pH value of the bath Is in the range of 0.1-2,0, preferably 0.3-1,4 



50 



55 



If the acid concentration of the bath is lower than the above-mentioned lower limit then the bath voltage will" 
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uneconomical be high, whereas if it is higher than the upper limit then the electrode will undesirably be consumed 
rapidly. 

3. Bath temperature 

5 40-60° C, preferably 45-55 °C 

At a bath temperature of lower than 40°C, a copper salt tends to be crystallized from the bath In which the salt 
Is dissolved. On the other hand, unusual copper deposition is apt to be caused at a temperature hlgherthan 6(PC. 

4. Velocity 

10 5-100 cm/s, preferably 20-50 cm/s 

It is necessary to treat 60-100% of an electrolyte with activated carbon, or else no electrodeposited copper 
foils having satisfactory properties according to this invention are obtained. The use of a velocity of 5 cm/s will 
allow almost 1 00% of an electrolyte to be treated with activated carbon, whereas the use of a velocity higher than 
100 cm.s will result in disadvantageous^ requiring a large-sized tower packed with activated carbon. 

15 

5. Current densiiy 

30-120 A/dm 2 , preferably 50-100 A/dm 2 

[0012] The use of a current density lower than 30 A/dm 2 will result in the production of foils having unsatisfactory 
20 properties, whereas the use of over 120 A/dm 2 will tend to cause unusual copper deposition. 

[00131 To obtain electrodeposited copper foils according to -the present invention it is required to use a copper ton- 
containing electrolyte at least 60 vol.% of which has been treated with activated carbon. In a case where less than 60 
vol.% of the electrolyte has been so treated, electrodeposited copper foils having a high elongation at elevated tem-^ 
perature will not be obtained. In addition, it is necessary to use the electrolyte having been treated activated carbon, 
25 within 20 minutes after said treatment. If this electrolyte is used more than 20 minutes later than said treatment then 
electrodeposited copper foils having high elongation at elevated temperature will not be obtained. For reference, such 
treatment with activated carbon has heretofore been carried out for the purpose of purification of electrolytes: unlike 
the present invention, however, the electrolytes so treated are not intended to be subjected to electrolysis within 20 
minutes after said treatment, but are usually stored for at least one day. 
30 [0014] The process for the producing an electrodeposited copper foil of this invention will be explained beibw by 
reference to the accompanying drawings in which: 

Fig. 1 is a schematic view of an example of an apparatus for the continuous production of electrodeposited copper 
foils; 

35 Figs. 2(a) and 2(b) are microscopic photographs (1 000 magnifications) showing the metallograph of an electrode- 
posited copper foil produced by the process according to the present invention before and after annealing, respec- 
tively; 

Figs. 3(a) and 3(b) are microscopic photographs (1000 magnifications) showing the metallograph of a comparative 
electrodeposited copper foil before and after annealing, respectively 
40 Figs. 4(a) and 4(b) are microscopic photographs (1000 magnifications) showing the metallograph of another corn- 1 

parative wrought copper foil before and after annealing, respectively. 

[0015] Referring now to Fig: 1, numerals 1 to 6 indicate a line for introducing an electrolyte, a tower packed with 
activated carbon, an electrolytic cell, a cathode drum, Insoluble anodes and an electrodeposited copper foil, respec- 
ts th/ely. The symbol "arrow" indicates the direction in which electrolyte flows. 

[0016] The process for producing electrodeposited copper foils of this invention is almost the same as the prior art 
process in that these processes comprise continuous electrode-position, put the former is clearly characterized by 
passing at least a specific proportion of an electrolyte through an activated carbon-packed layer, for example at a 
velocity of 30 cm/s or less, immediately before electrolysis and then subjecting both the activated carbon-treated portion 
so and the remainder of the electrolyte to electrolysis within 20 minutes of said treatment with activated carbon, the elec- 
trolyzing being carried out at an electrolyte temperature of 40-6CPC an a current density of 30-120 A/dm 2 . 
10017] More particularly, a fixed amount of an electrolyte introduced through a iine 1 for supplying an electrolyte is 
passed into an activated carbon-packed tower 2 where the specific amount of the electrolyte is treated with the activated 
carbon. The specific portion of the electrolyte is then passed, together with the rest of the electrolyte, into an electrolytic 
55 cell where the whole of the electrolyte is electrolyzed within 20 minutes after said treatment with activated carbon. It 
is necessary in this electrolysis that at least 60 vol.% of the electrolyte in the electrolytic cell 3 have previously been 
treated and the activated carbon-treated portion of the electrolyte, together with the rest thereof, be subjected to elec- 
trolysis within 20 minutes after said treatment with activated carbon. The electrolysis is carried out using the cathode 
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drum 4 and the insoluble anodes 5 to deposit copper foil 6 on the cathode drum 4. The composition of the electrolyte, 
the time for the electrolysis, the current density, the temperature of the electrolytic bath, and the like are suitably de- 
termined as desired. The electrodeposrted copper foil 6 on the cathode drum 4 Is peeled of and then used for copper- 
clad laminates and the like. 

s [001 8] The electrodeposlted copper foils thus formed are different from the prior art one because of both the effect 
of purification of an electrolyte with activated carbon and the effect which is considered to be attributed to the oxidation- 
reduction of metal cation in the electrolyte, and they are satisfactory in every mechanical property as compared with 
conventional electrodeposrted copper foils and exhibit the same or excellent properties even as compared with wrought 
copper foils. Further, they are greatly increased particularly in elongation at elevated temperature and are extremely 

10 satisfactory in folding endurance after heating (hereinafter sometimes referred to "'post-heating folding endurance") as 
compared with the conventional electrodeposrted copper foils. 

[0019] This invention will be better understood by the following Examples and Comparative Examples. 
Example 1 

15 

[0020] Using, as the electrolyte, an acidic copper sulfate solution comprising 280 g/i of copper sulfate (CuS0 4 5H 2 0) 
and 1 00 g/l of sulfuric acid, electrolysis was effected at a solution temperature of 46 °C and a current density of 50 N 
dm 2 and also under the following conditions. 

[0021] The electrolysis was continuously carried out using electrolyte 90 vol.% of which was continuously treated 
20 with activated carbon at a velocity of 20 cm/s. The portion of the electrolyte thus treated was subjected, together with 
the rest thereof, to electrolysis 1 0 minutes after said treatment 

[0022] The thus obtained 35 jim-thick electrodeposited copper foils exhibited tensile strength, elongation and MIT 
folding endurance at room temperature <23°C), after heating at 180°C for one hour and at elevated temperature 
(1 80°C), respectively as shown in Table 1 . At the same time, the standards in Classes 1 -4 prescribed in IPC-CF-1 50E 
25 are also shown in Table 1 . Further, the microscopic photographs (1 000 magnifications) of metallographs of said elec- 
trodeposited copper foil s as received and after heating, are indicated in Figs. 2(a) and (b), respectively. 

Example 2 

30 [0023] The procedure of Example 1 was followed except that an acidic copper sulfate solution comprising 320 g/i of 
copper sulfate (CuS0 4 5H 2 0) and 1 30 g/l of sulfuric acid was used as the electrolyte, and the electrolysis thereof was 
carried out at a solution temperature of 50 °C, a current density of 80 A/dm 2 while continuously treating 80% of the 
electrolyte with activated carbon at a velocity of 35 cm/sec and subjecting the thus treated portion of the electrolyte, 
together with the rest thereof, to electrolysis 5 minutes after said treatment with activated, carbon. 

35 

Exampie 3 

[0024] The procedure of Example 1 was followed except that an acidic copper sulfate solution comprising 380 g/l of 
copper sulfate (CuS0 4 5H 2 0) and 1 50 g/l of sulfuric acid was used as the electrolyte, and the electrolysis thereof was 
40 carried out at a solution temperature of 55 °C, a current density of 1 00 A/dm 2 while continuously treating 70% of the 
electrolyte with activated carbon at a velocity of 50 cm/sec and subjecting the thus treated portion of the electrolyte, 
together with the rest thereof, to electrolysis three minutes after said treatment 

Example 4 

45 

[0025] Following the procedure of Example 1 , but using as the electrolyte an acidic copper chloride solution com- 
prising 1 1 0 g/l of cupric chloride (CuCy and 20 g/l of hydrochloric add and carrying out the electrolysis of the chloride 
solution at a solution temperature of 55° C, a current density of 80 A/dm 2 while continuously treating 70% of the 
electrolyte with activated carbon at a velocity of 50 cm/sec and subjecting the thus treated portion of the electrolyte, 
so together with the rest thereof, to electrolysis 1 0 minutes after said treatment with activated carbon. 

Example 5 

[0026] Following the procedure of Example 1 , but using as the electrolyte an acidic copper chloride solution com- 
55 prising 140 g/l of cupric chloride (CuCy and 10 g/l of hydrochloric add and carrying out the electrolysis of the chloride 
solution at a solution temperature of 45 °C, a current density of 50 A/dm 2 while continuously treating 90% of the 
electrolyte with activated carbon at a velocity of 20 cm/sec and subjecting the thus treated portion of the electrolyte, 
together with the rest thereof, to electrolysis 5 minutes after said treatment with activated carbon. 
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Comparative Example 1 

[0027] The procedure of Example 1 was followed except that no treatment with activated carbon was done, to obtain 
comparative 35 jim-thick electrodeposlted copper foils which exhibited tensile strength, elongation and MIT folding 
endurance at room temperature (23° C) f after heating at 180° C for one hour and at elevated temperature (180° C), 
respectively, as shown in Table 1. in addition, the microscopic photographs (1000 magnifications) of metallographs of 
said copper foiis as received and after heating, are indicated in Figs. 3(a) and 3(b), respectively. 

Comparative Example 2 

[0028J 35 jim-thick wrought copper foils (wrought copper foiis TP035 for use in printed circuits, produced by Mitsui 
Mining & Smelting Co., Ltd.) exhibited tensile strength, elongation and MIT folding endurance at room temperature, 
after heating at 180° C for one hour and at elevated temperature (180° C), respectively, as shown in Table 1. Further, 
the microscopic photographs (1 000 magnifications) of metallographs of said wrought copper foils as received and after 
heating, are indicated in Figs. 4(a) and 4(b), respectively. 



Table 1 



Examples and Comparative Examples 


Tensile strenoth (KoI 
mm^) 


Elonaation (%) 


MIT Foldina endurance 
(cycles) 


Example 1 


Room temp. 


39.5 


15.0 


ol 




Post-heating 


OO ft 

23.0 


19.0 


AO 

4o 




Elev. temp. 


4C A 

1 0.4 


oo.o 




* Example 2 


■ 

Rcom temp; 


o r- ft 

35.0 


15,5 


37 




: Post-heating 


or o • ■ 

25.8 


19.7 


42 




Elev. temp. 


15.3 


32.3 




Examole 3 


Room temo. 


40.6 


A A 

14.6 


or 

35 




Post-heating 


23.8 


Ar\ A 

19.4 


47 




Elev. temp. 


15.3 


34.4 




Example 4 


Room temp. 


OA f\ 

30.9 . . 


17.8 


32 




Post-heating 


26.1 


21.1 


41 




Elev. temp. 


15.8 


35.2 




Examples 7 


Room temp. 


36:9 


13.7 


33 




Post-heating 


25.8 


22.9 


43 




Elev. temp. 


15.8 


34.2 




. Comparative 


Elev. temp. 


15.8 


34.2 




Example 1 


Room temp. 


37.2 


8.5 


18 




Post-heating 


36.5 


11.5 


22 




Elev. temp. 


18.7 


1.4 




Comparative 










Example 2 


Room temp. 


45.5 


1.3 


10 




Post-heating 


19.4 


11.3 


55 




Elev. temp. 


14.1 


12.0 




IPC Standard 










Class 1 


Room temp. 


at least 21 .09 


at least 3.0 






Elev. temp. 


Not applicable 






Class 2 


Room temp. 


at least 21.09 


at least 10.0 






Elev. temp. 


Not applicable 
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Table 1 (continued) 



Examples and Comparative Examples 


Tensile strength (Kg/ 
mm 2 ) 


Elongation (%) 


MIT Folding endurance 
(cycles) 


Class 3 


Room temp. 


at least 21.09 


at least 3.0 






Elev. temp. 


at least 14.06 


at least 2.0 




Class 4 


Room temp. 


at least 14.06 


at least 10.0 






Elev. temp. 


at least 10.55 


at least 4.0 




Note: Room temp.: At room temperature (23°C). 
Post-heating: After heating to 180°C for one hour. 
Elev. temp.: At elevated temperature (180°C). " 



[0029] As is seen from Table 1, the electrodeposited copper foils of this invention meets all the requirements in 
Classes 1 to 4 prescribed in IPC-CM50E and exhibits their folding endurance which is In the preferable range. In 
contrast, the comparative el odeposited copper foils of Comparative Example 1 do not satisfy the elongation (room 
temp.) of Class 2 and the elongations (elev. temp.) of Classes 3 and 4; they are required to be heat treated, and also 
exhibit lew folding endurance as compared with those obtained in Example 1. The wrought copper foils obtained in 
Comparative Example 2 do not satisfy the elongation (room temp.) of Classes 1 to 4, are required to be heat treated, 
and exhibit low folding endurance as compared with those obtained In Example 1. 

[0030] The metallographs of copper foils (as received and after heating) of Example 1 and Comparative Examples 
1-2 are shown in Figs. 2(a) ( 2(b), 3(a), 3(b), 4(a) and 4(b), respectively, from which it is evident that the electrodeposited 
copper foils of Example 1, after heated at 180 ° C for one hour, form macrocrystals, being different from the electrode- 
posited copper foils of Comparative Example 1 (refer to Fig. 2(b)), but similar to the wrought copper foils of Comparative 
Example 2. As is indicated in Table 1 , the copper foils of Example 1 exhibit an elongation (post-heating) of as high as 
19% and are much improved in folding endurance which is required in flexible printed circuit boards. 
[0031] The above results (Table 1) were obtained by testing the 35 jim-thick copper foils, and approximately the 
same results were also obtained by the same test of 18 jim-thick and 70p,m-thick copper foils. 

Examples 6-8 and Comparative Examples 3-4 

[0032] Using, as the electrolyte, an acidic copper sulfate solution comprising 280 g/l of copper sulfate (CuS0 4 *5H 2 0) 
and 100 g/l of sulfuric acid, was subjected to electrolysis at a solution temperature of about 50° C and a current density 
of 50-150 A/dm 2 and under the following further conditions. 

[0033] The electrolysis was continuously carried out while using the electrolyte which had continuously been partly 
or wholly treated with activated carbon at a velocity of 30 cm/sec. The partial or whole electrolyte so treated with 
activated carbon was used in the electrolysis 5 minutes after said treatment, thereby obtaining 35ftm-thick electrode- 
posited copper foils. 

[0034] Table 2 indicates the elongations (at elevated temperature, 1 80°C) of the thus obtained elecodeposited copper 
foiis and the portion of the electrolyte treated with activated carbon. 



Table 2 



Examples and Comp, Examples 


The portion of electrolyte treated with activated 
carbon (vol.%) . 


Elongation (elev. temp.) (%) 


Comp. Example 3 


0 


2.0 


Comp. Example 4 


40 


3.5 


Example 6 


60 


12.5 


Example 7 


80 


27.0 


Example 8 


100 


35.0 



[0035] It is apparent from Table 2 that the electrodeposited copper foils of Examples 6 to 8 obtained by using In the 
electrolysis the electrolyte at least 60 vol.% of which was treated with activated carbon before the electrolysis exhibit 
high elongations (elev. temp.) respectively, whereas those of Comparative Examples 3 to 4 obtained without such 
treatment with activated carbon exhibit low elongations (elev. temp;) respectively. From this it is found necessary In 
this invention to use an electrolyte at least 60 vol.% of which is treated with activated carbon before electrolysis and 
to subject the whole of the electrolyte to electrolysis within 20 minutes after said treatment. 
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Examples 9-11 and Comparative Example 5 

{0036] An acidic copper sulfate solution comprising 280 g/I of copper sulfate {CuS0 4 5H 2 0) and 100 g/l of sulfuric 
acid was used as the electrolyte. 

[0037J The electrolyte was continuously electrolyzed at a solution temperature of about 50°C, a current density of 
50 A/dm 2 while at least 80 vol.% of the electrolyte was continuously treated with activated carbon at a velocity of 30 
cm/s. thereby obtaining 35 nm-thick electrodeposited copper foils. 

[0038] In these Examples and Comparative Example, the portions of the electrolyte treated with activated carbon 
were subjected to electrolysis 2.5, 1 0, 20 and 30 minutes after said treatment, respectively. 
[0039J The elongations {elev. temp.) of thus obtained 35 nm-thick copper foils and the time between the treatment 
with activated carbon and the electrolysis, are shown in Table 3. 



Table 3 



Examples and Comp. Example 


Time between activated carbon treatment and 
electrolysis (mln.) 


Elongation (elev. temp.) (%) 


Example 9 


2.5 


29.0 


Example 10 


10 


14.5 


Example 11 


20 


8.5 


Comp. Example 5 


30 


3.0 



[0040] As is indicated in Table 3, the electrodeposited copper foils of Examples 9-11 , obtained by electrolyzing the 
electrolyte the specific portion of which was treated with activated carbon within 20 minutes before electrolysis, exhibit 
high elongations (elev. temp.}; on the other hand, the electrolytic copper foil of Comparative Example 5, obtained by 
electrolyzing the electrolyte the specific portion of which was treated with activated carbon 30 minutes before electrol- 
ysis, exhibit low elongation (elev. temp.). This substantiates that it is necessary in this invention to electrolyze an 
electrolyte the specific portion (at least 60 voL%) of which is treated with activated carbon within 20 minutes before 
the electrolysis. 

[0041] The electrodeposited copper foils obtained according to this invention exhibit high tensile strength and elon- 
gation at room temperature and elevated temperature and, therefore, they may be used for multilayer printed circuit 
boards without generating cracks in the heated process and they are satisfactory in folding endurance. Thus, they may 
highly reliably be used even in the preparation of flexible printed circuit boards. 

Claims 

1. A continuous process for producing an electrodeposited. copper foil which comprises : 

electrolyzing a copper ion-containing electrolyte of sulfuric of 50-1 00 g/l of copper ion and a member selected 
from the group consisting of 80-180 g/i of sulfuric add. 6-50 g/l of hydrochloric acid., and a borofluoride in an 
amount corresponding to a pH value of 0.1-2.0, the electrolyzing being carried out at an. electrolyte temperature 
of 40-6Q°C, and a current density of 30-120 A/dm 2 whereby at least 60 vol.% of said electrolyte has been contin- 
uously treated with activated carbon by passing through an activated carbon, column at a velocity of 5.100 cm/s 
said electrolyte being continuously subjected to said electrolyzing step within 20 minutes after said treatment with 
activated carbon. 

2. A process according to claim 1 , wherein the copper ion is derived from cupric sulfate or cupric chloride. 



Patentanspmche 

1 . Kontinuieriiches Verfahren zum HersteUung einer elektrolytisch abgeschiedenen Kupferfolie, umfassend: 

Elektrolysieren eines Kupferionen enthaltenden Elektrolyten, der aus 50-100 g/l Salzsaure und 80-180 g/l 
Schwefelsiure, oder 5-50 g/l SalzsSure und einem Borfluorid in einer Menge, die einem pH-V\fert von 0,1-2,0 
entspricht, besteht, wobei das Elektrolysieren bei einer Elektrolyttemperatur von 40-60°C und einer Stromdichte 
von 30-1 20 A/dm 2 durchgefuhrt wird, und wobei mindestens 60 Voi.% des Elektrolyten kontinuleriich mit Aktivkchle 
dadurch behandelt wurden, in dem sie mit einer Geschwingkeit von 5-100 cm/s durch elne Aktivkohles§ule geleitet 
wurden, und der Elektrolyt kontinuierlich dem Elektrolysieren innerhalb von 20 Minuten nach der Behandlung mit 
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• Aktivkohle unterworfen wird. 
2. Verfahren nach Anspruch 1 , wobei die Kupferionen von KupfiertfOsulfat oder Kupfer(ll)chlorid stammt 



Revendications 

1. ProcEdE continu pour la production d'une feuille de cuivre par ElectrodEposition, comprenant I'Etape consistent : 
& Electrolyser un Electrolyte contenant des ions cuivre, qu! consiste en 50 d 1 00 g/l dlons cuivre et un membre 
choisi dans le groupe consistant en 80 & 1 80 g/l d'acide suff urique, 5 a 50 g/] d'actde chlorhydrique et un borofluorure 
en una quantity correspondant a une valeur de pH de 0,1 k 2,0, I'Eledrolyse etant effiectuEe d une temperature 
de I'Electrolyte de 40 & 60°C. et une densitE de courant de 30 k 120 A/dm 2 , au moins 60 % en volume dudit 
Electrolyte Etant traitEs de maniEre continue avec du charbon actif par passage £ travers une colonne de charbon 
actif £ une Vitesse de 5 k 1 00 cm/s, ledrt electrolyte Etant soumis d'une maniEre continue d ladite Etape d'electrolyse 
dans les 20 minutes suivant ledit traitement avec du charbon actif. 



2. 



ProcEdE suivant la revendication 1 , dans lequel Hon cuivre est dErivE du sulfate cuivrique ou du chlorura cuivrique. 
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FIG. 2(a) 




F 16.2(b) 
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FIG. 3(b) 
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F I 6. 4 (a) 




F I 6. 4 0>) 
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